properties of the essential oil of the aerial parts of wildgrowing Gentiana gelida BIEB. grown in Turkey.
Meterials and Methods

Plant material
G. gelida was collected from the shores of Lake Limni district of Torul, Gümüşhane: 40 28 21 N, 39 16 39 E at 1900 m above sea level in the North-Eastern part of Turkey A7 in August 2013. Aerial parts flower, leaf and stem of G. gelida were separated from plant and shadedried at room temperature. The plant was authenticated by Assist. Prof. Mustafa Karaköse, and the voucher specimen was deposited under the number of KTUB-511 in the Herbarium of the Department of Biology, Karadeniz Technical University, Turkey.
Isolation of the essential oils
The essential oils from shade-dried plant parts flower40g, leaf-48g and stem-57g of G. gelida were isolated by hydrodistillation in a British-type Clevenger apparatus using an ice bath 15 for cooling system 4 h yields: 0.06, 0.04 and 0.03 v/w , respectively . The volatile oils were taken by dissolving in HPLC grade hexane 1 mL , dried over anhydrous Na 2 SO 4 , and, after filtration, kept in the dark at 4 in sealed brown vials until tested 14, 15 .
GC and GC-MS analyses
The used chromatographic column for the GC-FID and GC-MS analyses was a HP-5MS capillary column. The volatile oils were analyzed using an Agilent-5973 Network System equipped with a Flame Ionization Detector FID . GC-FID and GC-MS analyses were employed as described previously 14 16 .
Identi cation of components
The retention indices RI of all components in essential oils of flower, leaf and stem were determined by Kovats method using a series of n-alkanes C 6 -C 32 and authentic samples α-pinene, limonene and linalool as references.
The chemical constituents were identified by comparison of their mass spectra with the WILEY and NIST mass-spectral libraries and RI data with RI from other sources in literature 17 20 .
2.5 Antioxidant activity tests 2.5.1 DPPH assay Free radical scavenging activities of essential oils against stable DPPH 2,2-diphenyl-2-picrylhydrazyl hydrate, Sigma-Aldrich Chemie, Steinheim, Germany were determined spectrophotometrically. When DPPH reacts with an antioxidant compound, it can donate hydrogen, and is reduced. The change in colour was measured at 515 nm on a UV/Vis spectrophotometer. The samples were tested at 1000 μg/ mL concentration. The measurements were performed five times, and the results are expressed as averages. The results are given in terms of scavenging 21 .
The amount of total phenolic
The total phenolic contents of essential oils of G. gelida were determined by Folin-Ciocalteu method. The samples were tested at 1000 μg/mL concentration. All determinations were performed five times. Total contents of phenolic compounds in essential oils were calculated in gallic acid equivalents GAE according to the method described previously 22 .
The results of antioxidant activity are given in Table 1 .
Antimicrobial activity assessment
All micro-oganisms tests were obtained from Gümüşhane University Food Engineering Laboratories. The essential oils were dissolved in n-hexane to prepare stock solutions of 10 mg/mL. The antimicrobial activities of the volatile oils were determined against eight Gram negative bacteria, four Gram positive bacteria and five fungi with agar-well diffusion method 23, 24 , and the results are expressed as inhibition zones Table 2 . Table 3 . 53, 72 and 50 components were identified constituting over 91.14, 96.77 and 91.78 of essential oil components from flower, leaf and stem parts, respectively. The identified volatile compounds were seperated to six groups terpenes, terpenoids or terpene-related compounds, aldehydes, hydrocarbons, alcohols, carboxylic acids and others . While hydrocarbons 37.72 formed the main components class in flower oils, aldehydes 36. 21 were the main components group in the leaf oil, and carboxylic acids 31.89 in the stem oil Table 3 . Linalool, geranyl acetone, 6,10,14-trimethyl-2-pentadecanone, benzeneacetaldehyde, nonanal, pentadecanal, octylcyclopropane, tricosane, pentacosane, 1-octen-3-ol, 3-ethyl-4-methylpentanol, hexadecanoic acid, 2,5-dimethyltetrahydrofuran, 2-pentyl furan and methylhexadecanoate were the common compounds with relatively high quantities in all parts of the G. gelida.
When compared to literature results of essential oils of Gentiana species G. lutea, G. punctata, and G. asclepiadea 11, 12 limonene, linalool, β-damascenone, geranyl acetone, 6,10,14-trimethyl-2-pentadecanone, hexanal, benzeneacetaldehyde, E,E -2,4-decadienal, nonanal, pentadecanal, heneicosane, tricosane, 1-octen-3-ol, 3-ethyl-4-methylpentanol, hexadecanoic acid, 2-pentyl furan and methyl hexadecanoate were similarly detected in the current study. However, some differences within the chemical composition of essential oils from Gentiana species were observed, and it is probably related to environmental factors. Hexadecanoic acid was abundant component of flower, leaf and stem oils in ratios 13.34 , 26.46 and 31.89 , respectively. It is used in the production of soaps, cosmetics and industrial mold release agents and as a food processing aid 25 . Having high amounts of hexadecanoic acid in its essential oils, G. gelida appears a good potential source of this fatty acid.
Antimicrobial and antioxidant activity
Essential oils of G. gelida exhibited different inhibition levels against selected bacteria and fungi Table 2 . In the antimicrobial activity study, the inhibition zone increased with increased concentration of G. gelida essential oil. Four different concentrations 100 ppm, 200 ppm, 500 ppm and 1000 ppm were tested in this study. According to the obtained results, no antimicrobial activity was observed at . 
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200 ppm and 100 ppm concentrations. In this study, 10 μg/ mL streptomycin sulphate was used as the antimicrobial standard. All the bacteria except E. coli ATCC 11230 showed sensitivity to 10 μg/mL streptomycin sulphate. Nistasine was used as a standard antifungal agent at a concentration of 30 μg/mL. All the fungi showed resistance to essential oils with the exception that S. cerevisiae BC 5461 showed sensitivity only against leaf volatile oil.
On the other hand, at 1000 ppm and 500 ppm concentrations, samples, especially oil from flowers, exhibited moderate inhibitory activity against the bacteria. Growth inhibition of bacteria by essential oil of G. gelida was stronger than those of fungi. The essential oil from flowers showed antibacterial activity aganist A. hydrophila, B. subtilis, E. cloacae, E. coli O157:H7, K. pneumoniae and L. monocytogenes at 1000 ppm concentration. It also showed activity against E. cloacae, K. pneumoniae and L. monocytogenes at 500 ppm concentration. Similarly, leaf oil showed antibacterial activity aganist B. subtilis, E. cloacae and E. coli. Essential oil of leaf had no activity at 500 ppm concentration. Although the plant volatiles appeared to work as a stronger antimicrobial agent against bacteria, leaf oil only showed antimicrobial effect against S. cerevisiae. Essential oil of stem showed antibacterial activity aganist B. subtilis and E. coli. However, these sensitivities were low with inhibition zones smaller than 12 mm, so these bacteria are resistant. Results indicate that essential oil of G. gelida s flower possesses better antimicrobial properties than leaf and stem. The antimicrobial activities of the samples in general were lower than the standards. According to literature, essential oil of aerial parts of G. asclepiadea exhibited antimicrobial activity against S. aureus, K. pneumoniae and B. subtilis 26 . In addition to these bacte- 30 . Besides tricosane and hexadecanoic acid, many of the components, which are reported in literature with antimicrobial properties, probably contribute to the antimicrobial activity of the essential oils of G. gelida 28 .
According to the results of antioxidant analysis, essential oils from aerial parts of G. gelida showed reduction of DPPH radical to the yellow-colored diphenylpicryl hydrazine 
Conclusions
In this first report on the chemical composition and biological activity analyses of the volatile oils from aerial parts flower, leaf and stem of G. gelida. 53, 72 and 50 compounds were identified in essential oils from flower, leaf and stem of G. gelida, respectively. Results indicate that essential oils of G. gelida have antimicrobial and antioxidant activities. Especially, flower oil has a stronger antimicrobial activity against L. monocytogenes. L. monocytogenes has been known as one of the most important foodborne pathogens causing disease in humans and animals. The antilisterial activity of components of the flower oil of G. gelida should be investigated individually. Probably, the essential oils of G. gelida and its component compounds may find uses as food preservative or food additive.
